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~--ABSTRACT 
Anti~ony doped, n-type (111) germanium wafers were w~tted by 3 mg 
spheres of gallium under a nitrogen atmosphere. The effects of dislocation 
etch pit density and e.tch pit ·size on wetting were extensively observed at 
so0 c. A secondary investigation relating temperature to wetting was per-
o 
. 2 formed up to 340 C. Pit densities ranged from 1,500 to 12,000 pits/cm 
and J?i t sizes averaged . 0010" or . 0025" in diameter. Wetting was '""deter-
mined by the optical measurement of contact angle and contact diameter. 
A linear retardation in wett_ing was observed wtth increasing pit 
density at so0 c. Apparent contact ~ngles increa~ed by .52~ and 2.16% for 
. 0010" and • 0025" diameter pt ts respectively as p increased from O to 12,000 
,2 pits/cm. Corresponding apparent contact diameters decreased by 2.08%. 
and 9.09% respectively. Apparent contact diameters and angles are believed 
related to the ·true dislocation free material counterparts by a correction 
factor due to microscopic etch pit surface roughness. Higher temperature 
wetting increased nonlinearly ~ith greater wetting occurring for small than 
for large pits at all temperatures. A quantitative explanation for the 
curve is difficult due to chan~ing surface tensions incurred by Ge-Ga 
alloying~ .. 
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I • INTRODUCTION 
Electronic characteristics of alloy junction semiconductor 
devices are known to- be greatly influenced by variations in alloyed 
areas. A source of variation in alloyed areas is inconsistent wet-
ting of the semiconductor crystal by the .molten alloying pellet due 
., 
to the crystal surface texture •. Important contributors to sur-
face texture are etch pits produced when the crystals are subjected 
to an etchant to remove a surface layer of distorted lattice 
materia~ _brought about by tJechanical lapping. The·majority of 
. 
etch pits are due to preferential etchant attack upon strained lat-
..... 
1 .1 tice reiions where dis ocations intersect the crystal surface. 
There has been· no detailed study to date on the effect of sur-
face texture due to dislocation etch pits on crystal wettability. 
/;J. 
All previous investigations have been conducted at elevated temp-
. . 
eratures which tend to mask the surface texture effects of the pits 
because of alloying and possible dislocation annihilation~ 2 , 3 
Bergh4 and Pankove5 report that dislocation etch pits seem to 
retard wetting during the alloying ~f indium to germanium at 550°c 
·and 600°C respectively, but neither author provides complete, 
> . 
density at nonalloying tediperatures. 
The. primary purpose of this investigation was to observe the 
e1fect~ ·6f dislocation etch pit density upon the ~ettability of single 
crystal, N-type germanium of (111) orientation by liquid.gallium under 
fl 
1 . 0 an trogen atmosphere at 50 C. The germanium·; gallium; and· nitrogen 
- " . . ...... - '· - -~ -
combination offered a low temperature system which eliminated the 
. " . - . 
effects of alloying and dislocation annihilation and made possib_le the· 



























evaluation of only surface texture upon wetting. A secon·dary purpose 
was the investigation of pit·densj.ty·upon wettability at temperatures 
slightly above so0 c. Relative wetting at various dislocation densities 
---·was determined by contact angle and contact diameter measurements . 
Gallium was chosen as the liquid phase because of its low 29.8°c 
(85. 6°F) melting point, high obtainable purity of 99. 9999%, and inert-
ness to nitrogen. 6 Also, Hansen7 and Trumbore8 report negligible 
solubility between gallium and germanium as high as 70°c. Nitrogen was 
chosen for the controlled atmosphere since Law and Francois9 have shown .. 
by mass spectrometer means tha.t there is no adsorption of nitrogen on 
..,.. ... 
germanium and because B~ltaks10 claims that germanium is ·ef-~ectively 
impermeable to nitrogen. 
-\' 
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II. EXPERIMENTAL PROCEDURE 
The experimental procedure consisted of the· optical measurement 
of the contact si.ngle ( 9) and cont act diameter (X) between .ultrapure 
molten drops of gallium and (111) germanium wafers of known surface 
-texture at thermal equilibrium under a controlled nit:rogen atmosphere. 
Descriptions of the major experimental techniques are presented below 
under separate headings. 
A~ .Gallium Shot 
• 
Gallium spheres weighing 3.00 :t .01 mg and .039" diameter were 
produced for the experiment by shotting. The shotting-process con-
sisted of injecting a fine stream of l00°F (37.8°C) molten gallium 
(99.9999% pure) into a 40°F (4.44°C) quenching bath of distilled 
water. Details of the shot manufacture are given in Appendix A. 
The .039" diameter pellets were chosen as a standard because this size 
•· 
shot is of common usage in alloy- junction semiconductor manufacture. 
l 
B. Etching and Etch Pit Counting 
:. 
,f • ·~.. . 
Germanium wafers of n-type (111) materia~ were simultaneously 
etched in CP-4, an etchant of composition 3 parts HF (50%), 5 parts 
HN03 (10%), 3 parts H~H3o2 , and 0.1 parts Br2 by volume, to obtai~ 
surfaces of known _configuration. Etching .re.dy.ced the wafer-s frdm · .. - -.,~ ...... ,.. ' 
.020" thickness x .250" diameter to ~011" thickness x .236" diameter. 
. 
. .. . + ' The resultant wafer surfaces were essentially flat to within_ 0.5 
micron as determined by a '·1Taly-~urf" Model 3 pr9filometer except fo~' 
. . 
-uniformly distributed, conical p~ ts which result , from the preferen-
. , .... ., •....•. ~-··-•a•.c,., ... --... ~'--··--····· ··-··--t-~,~~- lltt a.ck of -~h~. etch on edge type.·. dislocations ... intersecting the ...... ···-·-·v· .. ··-·--···-··· .. _:····· 
(>, • 
wafer surface, App~ndix B describes the detailed etching procedure. j; ·, 
. ---- ---···-·-·~-------·- .-.·-. 
~. ' 
·---~-?:"~~--- - . 
.. \ .. 
./~tj.~,~·~~~-µ~-~)Y' : 
; V:,;: · ·r<~·:,_/ :.~'.\:.~.;. 
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. . . 2 Etched wafers were catalogueq in increments of 500 pits/cm . 
by use of a counting grid positioped in one eye piece of a binocular 
microscope. Appen~ix C describes i~ detail the counting procedure. 
Originally, it was planned to observe wetting ys. ~ensities de-
. , 
I termined from all pits observed, but during etch pit gounting, 
either predominantly small (~0010'' average diameter) or all pre-
dominantly large (. 0025" average diameter) pits were found on many -
of the individual wafers. A further decision to catalogue the 
wafers into small and large pits and to conduct the experiment with 
' 
this added parameter was made. Figures 1 and 2 are photomicro-
graphs illustrating small and large pits respectively at p·= 3,500-
4,000 pits/cm2 and Figures 3 and 4 are photomicrographs illus-
trating small and large pits respectively at p = 8,000-8,500 pits/ 
2 
cm • Pit densities of 1, 500-2, ooo, 3·, 500-4, 000, 5, 500-6, o·oo, 
8,000-8,500, and 11,500-12,000 'pits/cm2 were chos·en as the inde-
pendent variables in the experiment. Samples of eight .wafers per. 
'-, 
each etch pit range for both small and large pits were made wherever 
possible. Densities greater than 12,000 pits/cm2 were not run be-
cause lineage lines were present which were not compati~le to the es-
.. __ w.s.entially isotropi.c x-.y surfaces -covered with uniformly distributed 
pits. 
C. -Wafe~ Washing 
Prior to wetting, the wafers were washed in HF (50%) for 2 




















• 200 microns 
FIGURE 1. DISLOCATION ETCH PITS IN (111) GERMANIUM. 
The pits in the photomicrograph are typical small pits 
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FIGUR-E :a, - DIBLOCA·TION ETCH .PITS· ·IN ( 111) GERMANIUM. -
The pits i n the photomicrograph are typical large pits · 
































• /,_, ff . 
FIGURE 3. DISLOCATION ETCH PITS IN (111) GERMANIUM. 
The pits in the photomicrograph 
ft 
of .0010 average diameter at p 
lOOX 
are typical small pits 
8,000-8,500 pits/cm2. 
~00 • microns 
FIGURE, 4 . DISLOCATION ETCH .,PITS 1 ~ .,.. . . . . .( ). GEBMANilJM... ... - ......... 
The pi ts i n t he ph~tomicrograph 
0 f' • 0 02 :; " d . t t ~ a ve r age 1ame er a p 
' 
are typical large pits · 
:. 8,000-8,500 pits/cm2 • 
lOOX 
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l. 
·s· 
th~ajority of the Geo2 formed ·iring etching in CP-4 without 
attacking the underlying germani matrix. Attempts were made to wash 
the gallium pellets in dilute ac1 _(0.1 N) before melting, but worse 
wetting was observed th~n when the pellets uncleaned. It is 
believed that insoluble chlorides were formed ·which hindered the· 
wetti:r1g process. 
D~ Wafer and Pellet Heating 
, . ' 
Actual wetting of the germanium wafers by the galliqm shot took 
place in a glass heating chamb~r under a nitrogen atmosphere. The 
. apparatus is illustrated in Figure 5. The heating chamber conta.,ined 
a graphite hdt plate onto which an etched wafer was pl~ced at the. 
beg.inning of each cycle. A gallium pellet was positioned on the 
center of the wafer and then the glass tube was sealed and purged with 
prepurified nitrogen for 5 minutes at 900 cc/min. Hot plate tempera-
ture was governed by the sett1p;,g of a variable transformer contained . . ~ 




to the hot plate surface to prQyide a means of monit·or-ing the max.imum~ ,_ 
temperature reached during each cycle through use of a potentiometer 
\. pyrometer. Experimentation yielded that the desired122°F _(50°C) 
hot plate surface temperature was ~symptotically reached in 15 
, 
minutes with a variable transformer setting of 39.5 and a nitrogen 
-=--~-----~-~ ... 
.. --~-- -----·-
flow of 900 cc/min. The actual temperature cycle w.as set at 30 Ii. ,;-
:minutes to gu,arantee that thermal equilibrium between th~ .. molten 
gailium and solid germanium wafer would occur at th~ 5o0 c te-pera-
ture. Heat transfer calculations indicate thrat the upper surface 
.. temperature of the germanium ·wafer is essentially th·at o.f the .hot p:J_ate 
_ ... ' 
.... ·- ... 
- ... ., " ...... -- ~_. ,- ... ·.-·· .. -"' .. -~-- ... ···-·· -·-· ~ 
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EXP~RIMENTAL SETUP: (1) ·Gla~s Heating Chamber, (2) 
Indicator, (4) Power Controller, (5) Voltage 
(7) Gas Flow Meter, (8) Gas Pressure 
50X Microscope with Vernier Protractor ( 3) Dial 
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across." the . 011" thick wafer at thermal equilibrium. 
, High temperature cyc3:es were performed by sett.ing the variable 
potent.iometer to succ·eedingly increasing·positi~ns on an initial 
cycle and repeating these settings on succeeding runs. Temperature, 
contact angle, and contact diameter meas~rements were taken after 
30 minutes· had elapsed" at each set-ting. A"temperature of 644°F . . 
.. b-
(340°c) could be obtained at the maximum potentiometer setting of 100. 
Experimental cycles were run with pit densities and pit sizes 
chosen randomly to minimize the effect on any ~artictilar pit depsity 
range of slight day to day deviations in 0 and X measurements~ In 
total, 74. sample wa-rers. were run at 122°.F (50°C) and 6 sample wafers 
at the high temperature range. 
E. Nonspherical Pellet Effect 
The effects of nonspherical pellets ori wetting. were evaluated 
.·by the simultaneous cycling of three 3.00 mg·pellets of different 
shapes on,_. a single wafer. One pellet was spherical, another was 
-
spherical with .a .010" diameter flat in contact with the :wafer, and 
the last pellet was spherical with a . 020" diameter .flat in wafer 
.•, i 
contact. No measurable difference in·contact angle and diameter was 
" 
. . 
o-bserved between the spherical qn(l • 010 diam~ter flat 'J)ellets, .. bµt · 
wetting by the .020" diameter flat pellet was sligh
0
tly enhanced. It 
was concluded that pellet·s with flats of Iess than . 010" diameter 
.-
would have no measurable effe\t qn the values of contact angle and 
contact diameter obtained during the course of the experiment. ·• 
·. ""·-
F. Contact. AngJe and. Contact Diameter·· Measurement 
~ Contact angle and contact·area diameter ~easurements were made 
- _ ...,_ ......... -- ------~· .. --···'-----------
~ 
. . 
---·· ,.. .. ··-·--· 
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11 
through. a microscope at -sox. An X-Y-Z movement positioned the micro-
,, '• scope so that examination of the molten drop profile was-possible 
through an optical flat fused in the heating chamber wall. Contact 
angles were measured with a toolmakers ve~nier protractor mounted in 
the ~cope tube. Although the vernier eyepiece was capable of 2 
minute accuracy, contact angles were recorded only· 1D th~ nearest 
0.5° because of the human judgement in locating the tangent to the 
molten drop. An average of left and right contact angle measurements 
were made to compensate for sometimes present deviations of the two 
readings. Actually, 0, the supplement of 0, was measured for sim-




The·· w-etting diam_eter (X) was obtained by superimposing the eye-
· piece crosshair on the left contact point of wafer and drop, butting 
the anvil of a dial indicator·graduated. in .00 1" increments against 1~;.---. 
the horizontal microscope movement, and imposing the c~osshair 
on the right contact point of wafer and A tare of at least 
·, .0002" was preloaded ·on the dial. indicator -in all cases to ensure 
-
true differential readings on the indicator~ :Contact diameters were 
t d d t f • 0001" • recor e o an.accuracy o 
'• . .;, ., 
'· 
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III. RESULTS AND DISCUSSIONS 
A.· Effects on Wetting at so0 c 
Data obtained in random order for contact angle (8) vs. etch pit 
density (P) and contact diamefer (X) vs. etch pit density are plotted 
in figures 6 and 7 respectively. The itemized data is given in 
table 3 of Appendix E. The centers, 1750, 3750, 5750, 8250, and 11750 
pits/cm2 , of the five pit density bands were designated the independent 
variables in the above plots as a convenience for further statistical 
' 
. studies. Sample averages of the.contact angle and contact diameter 
. f.q:r snia.11 ( .0010'' diameter) and large ( .0025" dia_m,eter) pi ts indic.a:ted. 
:·a J.ln::~:ar retardation of w~t ttn·g with increasing·, et:ch pit density for 
· b.oth -9 and X. The con_9ide.ra:ble. s.c=atte.r an·d-. ,9.ye_riap ,of data necessitated 
that a stat:Jstical ana:I.y-sis be, pe_rf.-orm·ed· ·on t:he: dat:a; to -ascertain 
T,:(b:le l lists propabiliti.es calculated from the "student'' t 
dis tribution12 that differences actually do· ext.st in wetting between 
small and large pits at different pit densities. I Reasons for use of 
the ,.Student,. t distribution are itemized in Appendix F-I. Probabilities· 
,p = 1,500=2,000 to 99% fo;·t at p = 8,000-8,500 pits/cm2 . It can be 
statistically concltided that pit size does actually exhibit a measur-
. -· .. ·-- ... 
-- -· .. _ . ..,,. .---··. --·· . -·· -···- -· .. -- - -·· ---·---·-· - ... - ... . 
-- .• - - •. -• - ','.t ~ .---. '··-··-. ·-.·. :. • -
'"'I ., __ .... 
.. _ 
···-· . . ' . 
- - - - --- ·- ~ -- . -· - .. -------······-·--·--- - -~-- ---.,-·-- .. -·--
- -
able tjifference upon wettabilityj expecially for pit densities exceeding 
-8, 000-8, 50Q __ pits/cm2 . , Also, it may be generalized that contact diameter 
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Figure 6 . CONTACT ANGLE vs·. PIT DENSITY~ 
~ 
• - Small Pits ( .0010"' Diameter) 
' 
0 
- Large P.its ( . 0025 11 Diameter) 
,..._ __ .; 
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Smal;I. Pit Average 
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Figure 7 . - WETTING DIAMETER 
Small Pits ( .0010" 
• 
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the size effect on wetting than contact angle measurements do for pit densities up to 4,000 pits/cm2. 
The method of least squares was -utilized to objectively fit .the 74 data points into a linear relationsh~p between wetting and etch pit 
-density. Equations of the form Y =A+ BX were obtained relating 9 
and X as a function of p for small and large pits utilizing a linear 
regression program of Y on X in an IBM 1410 computer. Figure 6 plots 
·the linear regression of 0 on p and equations 1 and 2 were obtained for contact angles, 08 and 9L, for small and large pits respectively 
as a funqtion of p • 
···~ 
133.98 + 5.50 X 10-Sp 
133.81 + 2.48 X 10-4p 
Equation 1-
Equation 2 
Figure 7 plots the linear regression of X on p and the retardation 
in wetting diameters, x8 and XL, as a function of small and large 
pits respectively are given by the equations~ 
XS - .0289 - 4 .84 X ·10-8 p .. Equation 





~- ... ·-. ,..,,--- ··,·.:.-... -----· ·.,~--······ ·- ;, 
- - . .:'~ -___ Apparent· e-ontact angles ·1ncreased by . 52% and 2 .16% for .0010" and 
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· This is because the wafers should be identical in submicroscopic 
surface ·texture considering they w~re of the same composition, 
orientation, and etched simultaneously. The 8 curves intersect 
~ 
:'I 
within .13%, and the .X curves within 1.05%, at P = 0. Both inter-
sections are well within the experimental error of the process. 
Another check on the reliability of 9 and X values can be made by 
,. 
a correlation between individual .sa~ple readings of 8 and·X by ap-
plication of the following equation: 
,. 
. X -( 3. 0046 x 10-5 
. ) 1/3 
- .2618csc3e + .1977cot9csc3e + .1977~ot8 + .0659cot3a · 
"" .. J Equa't ion 5 
'·----- .. This expression is de.rived in Appendix F-11 and is based upon the 
following assumpt_ions: 
1. There :is no Ge-Ga alloytng ~:tnd h·e.nc.e tihe 'Volume ·of· the 3 mg 
gallium pellets remains ·co.ps'tant. 
I" 2.. Gravity effects on the molten gallium drop .~re negligible· 
3. Molten drops .can be a·halyzed as segment,:f3 of a sphere of 
constant volume. 
Figure 8 is a·molten gall1um drop profile arid te-nds t.o verify assump-
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At is proposed that retardation in wetting with increased etch· 
pit density as measured by contact diameter and angle is. a result of. 
_ . 
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· etch pit surface roughness. 
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pxlO -3 1.5-2.0 3.5-4.0 5.5-6.0 8.0-8.5 11.5-12.0 
. 
' 8 60% 70% 80% 97 . ·5% 97.5% 
X 70% 90% 80% 99% . . 97.5% 
. TABLE l. T-TEST RESULTS. Row · 1 is the respe.etive· pit 
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relating specific interfacial energies or'surface tensions of a 
sessile drop on a smooth surface given by 
J 
"Y SV -- "Y SL = -y LV cos 8 Equation 8 
was modified by Wenze1 14 to take into consideration solid surface 
roughness. Wen~el's Equation -~s 
• 
r ( "Y - -Y ) = "Y cos 9 apparent SV SL LV Eq~ation 7 
where r is the roughness or area correction factor defined as the ratio 
of actual surface area to that of a smooth surface having the same 
geometric shape and di~ensions, "Ysv' "YsL' and yLV the solid-vapor, 
solid-liquid, and liquid-vapor surface tensions respectively, and 
cos 8 apparent the measured contact angle that the liquid makes with 
the horizontal measured through the liquid phase. Mention should be 
I 
made that r has no relation at all to RMS or AA surface roughness as 
measuted with a stylus type profilometer. 
Wenzel's theory assumes that the solid-liquid contact area will 
remain constant for a drop of set volume on a rough solid surface of 
~-·-·· 
.... .r--,{'-" .. .• , . - , + ,',:';)!,1~ .. ,-, .. :;. .. 
isotropic surface tension ~n order to satisfy all three surface 
-
tensions acting on the drop a The germanium-nitrogen surface .tension 
·---··-----------"~---~--·---···'"'-·""---------- sbould.-.meet_ __ .the .. isotropiC---requir--etnen-t .. :even---tbGugh---t-h-e----c-rmical--e-t-eh--.---·---------~ 
.. -~ 
" pit walls are bounded oy many different lattice planes other t'han ~111i 
planes. 15 Thin Ge02 layers considered to be always present after 
·' 
.:- -"":J-··-~·--··--1:::!·------...:...·-"l.....l.t.u--·...;.. ... _ ... ~_-;.;,,~~r:;:....;:-~--~r:.,;,,;.-.~-.::J}.-i-'>-~ .. t,--~--~·-...... --. .... -. --,------~·~'"" ,--~ - .... ~, - .- ,, __________ ... _;_., __ , .... _ ... __ ,._. ,_: __ ',. ________ ,..,. ... --'-····--'···-.·--·-,; ;-·,,.,-·,.·"· ... :··· __ ._,.,-. · ..... : .... ,. -···-····v-•. ".--.--·- ·--,···~·.·- -.. -· - .............. __ ,.,....._._. ___ ., ..... _ ·-'!..·.' '·, ,.. --~ , . ..:· --··-'~ .. -·,;:, .............. ~~·;1•-: .. -"1,. .• _=:-,; . .. ~ .. =-'-- -···-'···-· ;~ 
. . 




..... ·· ., - -·------.. -------·.·"··,.~--.-· ···:~ - .. ,_ -·· -· ·-· --
-~- ··:.· _-_____ --· -· • ..:.j,:.'":"-~' :....-.~------·.:·:·---,-•.. :,." --- __ .:.~::1.,:-l ~· :.::;:---;;:;;:-:.--_ --..• ·-:-:-.- ... •. -- - . ..J<, ... , .. -- - • -- . . .. -.---·- --·- -- .. _,.. __ .... '-,--,.,..,._.,~;\t, .. -. :-:·: ·: 
.... ,.. . ..... . --:, .. 
. :J;_ • • • 
T ., .. __ _,,.,..,+ ..... ,,.. ... .,-~••'"'"'-°' ,_,_,.,,-~•·•••••'~•"•••"'"'•'--••"""~"•••-·•, """"~~-·nn~~ - ·---•----•sff• ,, • '' -·-·" _ __...,., ' ' ~-,.....,""-"'~,J,.-·--J.o',:,,._.i_,_ •• , . .c<a, ••. ~-~.,-~ •··• , •• ,, -·- ---...-·~··"·"'""''-"'-~·---•• .. -'- ------· •.•• ,• ..• ··~·•· •. -- .. -, .~ --··--· -·· •• , ···"·------·······-· .. -···-- __ ,,,• 
, ..... "'; .. 
' • .I. • -----------..- i ~ . , L-. 
•' - <,'fl': -'-"·.--·--·~_:_ ''" 
• 






surface energies of covalently bonded crystals are calculated and 
~ 
reduce -surface energy differences between different lattice planes. I 
I Equation will be// 
. 
The geometric surface or true surface in the Wenzel 
/ 
I 
I defined as the liquid-solid area extrapolated top= 0 where the ~r-
\ 
' face texture is due to submicroscopic roughness. Surfaces of wifers 
. . with increasing pit density.lose a proportionate quantity of 'p • 0 
surface, but gain calculable conical etch pit suiface area if liquid 
gallium descends into the pits. Figures 10 and 11 demonstrate that 
liquid gallium descended into_ the pi ts during wetting. The projections 
are on stripped gallium surfaces which solidified in contact with 
etched germanium wafers. I 
Average etch pit diameter and depth for small a,nd large pits were 
determined by the following 4 methods: 
. . 1. Optical Microscopy. As-etched wafers were observed with a 
light microscope at lOOX and diameters were measured wi t.h a calibrated 
. . 
grid reticule. Depths were-determined by focusing on the (111) surface 
and refocusing on the pit bottoms. The latter measurement proved dif-
f !cult due to diffracted light from the pit walls. ·· 
II. Etching.and Optical Microscopy. Wafers were etched to very 
thin sections until the bottom light source of the microscope just· 
I 
• 
--· ~-. . ---. ...... 
" . - ..... . ........... -. .. -
-~":.1 . '.'. ~-:..,:.. •••.. - .-- •. ,,_ .... , • ., . -- .,.'.-tJ.~:'l~r;r--···.· . • ' ~-
passed pinholes of illumination indicating that the etch pits had per-






.. - -··-·-·----------,·- and __ the_§e. _v:.alu.es __ divided by. 2~t-o--·y-iel.d- pit·---dept·h- ·s·tn·ce .the· ·wafe·:r·s- -were . - ----------~--- ~-------------~----·-----; . . . . .: . 
pitted sim~ltaneously frcm ·both :~ides. 
' . 
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. I 12,000 pits/cm were fract.ured and the cr·os.s sect:i,on:s were obse:rveµ 
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with a calibrated grid reticule at lOOX. Pi ts of maximum depth were 
· taken.to have been broken through their centers; these pits were 
assumed to yield the most accuvate dimensions for pit depths. 
IV. ' tr " . 
. 
Talysurf. A Talysurf Model 3 surface·measuring instrument 
scanned various wafers. The instrument yielded corresponding values 
!J. 
as the previous 3 methods for pit diameter, but yielded pit depths of 
only approximately 25% of those for the previous methods. It was con-.. 
eluded that the instrument's minimum 14.4 in/min tracking speed was •' . "' 
too fast for good pit depth resolution and that the stylus -nose radius 
was too broad for deep tracking. 
' 
' Table 2 lists the various values obtained for pit diameter and 
depth as determined by the 4 methods. Average diameters of 25.4 and 
63.5 microns and average depths af 24.0 and 35.0 microns were chosen 
for small and large pits respectively . 
... SMALL PITS LARGE PITS 
., 
METHOD DIAMETER DEPTH DIAMETER DEPTH 





'" -II. ETCHING AND OPTICAL 
MICROSCOPY 23.0 19.0 65.0 36.0 
III. CROSS SECTION AND 





.. .. :.. -... 
.- -- -
IV. TALYSURF 25.0 5.0 75.0 9.0 , 
v. VALUES USED 25.4 24.0 63.5 35.0 (0010") (0025") 
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' 200 microns FIGURE 10. PHOTOMICROGRAPH OF- GALLIUM SURFACE. Pro-jections on a stripped Ga surface solidified in contact 
with Ge of p = 3,500-4,000 pits/crn2 demonstrating liquid Ga penetration of pits during wett ·ing. lOOX 
1200 . t microns 
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s . rippe.d Ga was .obt.ajned as in Figure 10 except · 
. - 2 . . p =. 1, 500-.2 , 000 pl ts / cm • lOOX--.~ 
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~· , The area correction factor (r) is obtained by taking the ratio 
of true solid-liquid contact area to that,of the measured (apparent) 
. 
. area at any particular pit density. The true contact area is the sum 
of {111) area and the curved surface.areas of the conical etch pits. 
Figure 12 illustrat-es how the area corre.ction factors increase linearly 
- from 1.0000 at Pm Oto 1.0692 and 1.1856 for · small and large pits 
respectively at.P·= 12,000 pits/cm2 • 
. ' 
D~crease in measured contact diameter· with increasing pit density 
is indeed due to a constant liquid-solid contact area as proposed by 
Wenzel. Multiplication of any measured contact area by its respective ,... 
area correction factor results in a constant area equal to that measured 
..._, _. ....... . 
¢' 2 
at P = 0 pits/cm e Correlation of the correction factor and measured 
area product to the· P = 0 area ranges from 100.000% at P = -G-- to a 
minimum of 97.496% and 97.303% for small and large pits respectively 
at P = 12,000· pits;·cm2 o Sample calculations for the area correction 
factor (r) and correlation·of measured to true contact areas can be 
--found in Appendixes-F-III and F-IV. ·· 
Increase in measured (apparent) contact angles with increasing pit 
density should be explained by a combination of the Wenzel and Young-., 
Dupre Equations if the respective surface energies are th~ same in both 
. "' .... - ... ~.- -· . __ ,,... ·--· ..... '. .. ~ ··- -,.."""' " .,.- ~ 
,. · instances. The substitution of equation 6 into equation 7 rEfsults in 
the following relationship between the measured (apparent) contact 
' i' 
,· 
- , .. _. · ... _____________ ~ngle ____ on ___ a __ rough. __ su.rf_ac_e __ .and .. --tha-contact----ang1e .-ef·---a·-4-:rop----en----a- smooth,----- .. ---~-.--~-~----.. ,,.,,.-·~-.-·-~ . ---·----- ----• ·-------"-----,--,---·-·-- . 
I 
P =. O, surface . 
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Figure 12. AREA CORRECTION FACTORS 
A(lll) - (111) Plane Area 
A(C) - Curved Conical Area 
r - Area Correction Factor 
S - Small Pits ( .0010'' ·.Diameter) 
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Agreement is 100% for this relationship at P = O, but is only within 
., 3.45% and 10.6% for small and large pits respectively at p = 12,000 
pits/cm2 • A possible reason f.or the slight discrepancy in the above 1 
relationship may be eiplained by Adamson·and Ling16 who propose that 
for heterogeneous surfaces any.,finite circumferential contact angle 
represen~s a compromise in local equilibrium angles. The probability 
of observing the sessile drop profile where liquid-solid contact is 
made with the inc lined pit surf ace ire reases linearly w1 th pit density. 
-Small pits influence the measured contact angles less because the local 
distortion effect on the P = 0 contact angle is decreased. 
B. Effect of Temperature on'Wetting 
-Figure 13 is a plot of contact diameter vs. temperature for small 
and large pits with P = 11,500-12,000 pits/cm2 • Contact diameters 
I increase nonlinearly from .0278'' and .0256'' at ·1oo°F (37 .s0 c) to .0347" 
and .0309'' at 644°:F (340°c) far small. and large ptts respectively. 
Figure 14 illustrates that contact angles decrease nonlinearly fzom 
134.9° and 136.8° at 100°F (37.8°C) to 102.6° and 119.9° at 645°F 
.IJ (340°C) for small and large pits respecttvely._ Average pit diameters 
of .0025" retarded· wetting at all temperatures relative to·· .0010" 
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Quantitative or complete qualitative analysis.of the temperature • .&>. 
-
-------- -- --- ---· ------------·-
____ .,.. 
- -· ·- - - ··--- .. --.. -•·--··•· ,·~- ----
-' •-•-• •- _,.,----.,._c ~- .. ---·---"" • - ••-
_,_-
-·- -- ----·-··-- ·-. ---~- ----· ----· 
--------·---~ .. . .• .-- .. ··, ......... -· ----. ' 
.. 
. -·-····----~---- -· 
.~· and etch pit size effects are deemed impossible due to varying surface 
energies involved in the qe-Ga-N2 system when alloying is present. 
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26 
644°F (340°c) and they provide visual evidence that alloying is in 
fact presente Figure 15 illustrates the attack of the molten gallium 
pellet on a germanium wafer at 50X where Figure 16 is a photomicro-
graph of the same Ge-Ga interface at 500X demonstrating definite diEt" 
solution of germanium on the 1111} _planes by gallium. Alloying ef-
~ects the. wetting system as follows: 
1. Liquid-vapor surface energies change because the liquid 
phase composition vari~s with temperature. 
2. Liquid-solid surface energies become anisotropic with in-
creasing temperature . 
. 3. Contact diameter and angle measurements become increasing 
unreliable with increasing system anisotropy. 
When the above mentioned effects are considered it is doubtful that 
the Young-Dupre or Wenzel analys-is for a sessile drop. which are based 
on surface isotropy should be valid. 
It may be generalized that the secondary purpose of this investi-
gation indicates that etch pit size tends to exert slight changes on 
wetting even at elevated temperatures up to 645°F (340°c) • .. 
,,,, 
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Figurel3 OONTACT DIAKETER TEMPEBATURB • vs. 
' 
• - Small Pits (. OOl_On Diameter) 
' 
0 
- Large Pits (. 0025". Dia.meter) 
-
- Small Pit Average 
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' CONTACT ANGLE vs. TEMPERATURE 
' 
Small Pits (00010" Diameter) 
Large Pits ( . 0025" Diameter) .. 
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FIGURE 15. SOLIDIFIED GERMANIUM-GALLIUM INTERFACE. The (111) . G~ surf a c e wett e d by the Ga pellet illustrates 
the presenc e of Ge:Ga alloying at 340°c. SOX 
- .. -~ - ---- ·------ ........ -,--- ..... ..L.- -~ -·- ---- - -· . - ---· --- ---· 
... --. .. .. ... ....,.,....... ... " .... 
I' .. 
I I 40 microns 
FIGtJRE 16 . . SOLIDIFIED GERMANIUM-GALLIUM INTERFACE. 
. 
_•__.,__: ... ··- ----···- ....... - -~~--·-·-.s--.~ L.. .......... ___ ... -1-,----..... ::ia.;.-·- .,......__,._ - _ .. _. --··- · ~- -The --p-hot ·omi-c-r-ogYaplr -11f -of - tlie~ -sam-e ~ Ge-Ga interface 
as sho\vn in Figure 15, b\} t dei:nonst rates definite \ 
dissolution o f G~ on th e {111} plane s by Ga at 
340°C. 5'00X 
' 
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IV. . CONCLUSIONS 
,, The principal findings of this study of the effects of dislocation 
etch pits on the wettability of (111) germanium by gallium are surnma.rized 
below. 
1. A size factor was found necessary to completely characterize 
the effects of dislocation etch pits upon crystal wettability 1n addition 
to pit density. 
2. A linear retardation in wetting as determined by contact angle 
and contact diameter measurements was observed Fat so0c when pit density 
increased from Oto 12,000 pits/c~. 
3. Large pits of .0025" average diameter always retarded wetting 
to a greater extent relative to small pits of .0010'' average diameter 
at a given pit density. 
4. Linear retardation in measured contact diameter with increasing 
pit density at 5o0 c is related to a constant liquid-solid contact area 
by a surface roughness factor given by the Wenzel Equation. 
5. Linear increase in contact angles with increasing pit density <>· 
at 50°c is believed caused by an averaging effect between_.dislocatiod 
• 
free surface contact angles and those made with the·inclined walls.of 
the etch pi ts. 
--.,' 
6. Nonlinear increased wetting of 1i,soo-12,ooo pits/cm2 wafers 
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had no- measuraille ef:fect on ·wetting·. - - - '1 ,..:....,. ~ .• ' •.. ~.,;. 
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8. A simple and inexpensive .method 
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V. SUGGESTIONS FOR FUTURE WORK 
Many areas of interest were encountered during the course of 
this investigation which could warrant future study in depth. 
Several suggested topics are fisted below. 
1. Vari at ions in Circumferential Contact Angles 
A study of how the contact angle between a liquid drop and a 
solid surface varies about the drop periphery. The results should 
,. lead to a greater understanding of why large discrepancies sometimes 
exist between measured values of contact angle and those predicted by I 
-the various sessile drop models. A .vertical furnace similar to the 
one used in this experiment plus a mi.croscope mounted on a c·ircular 
track would be a suggested experimental setup~ 
2. Gallium Single Crystals 
A nucleation and growth study to determine if single crystals 
are produced during the injection of supercooled, high purity 
liquid gallium i·nto a quenching media. Techniques for crystal ex-· 
-amination would have to be developed because of the lqw melting 
point of gallium. 
3. ~ysteresis Investigation 




hystere·sis studies. Toe differences in advancing _and receding contact 
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APPENDIX A . 
Gallium Shot Manufacture 
The three milligram spheres of gallium used in the experiment 
were made by shotting. In general, shotting is a method of.producing 
minute spherical metal particles by pouring or forcing molten metal 
into· a quenching media of neutral atmosphere or liqqid. The surface 
tension of the liquid metal tends to form the molten drops into spheres 
before solidification occurs~ .... A uniform product requires a fine con-
tinuous stream of molten metal and the particle ·shape of the shot is 
"'? 
considerably affected by variations.in the quenching procedure. 
quenching too rapidly will cause par:t icle sol id if ica t ion before sphero-
idizat ion occurs or quenching too slowly will allow the molten· drops 
to splatteron the shot tower base before solidification occurs. The 
low melting point of .gallium is a distinct advantage in shot fabri-
cation in that high temperature crucible materials, ,elaborate high 
temperature quenching facilities, or elaborate procedu_r.es are un-
necessary. 
A two gram charge of solid gallium was inserted in a clear 
acrylic crucible to which a polyethylene hose from a tank of pre-
purified nitrogen was attached. Figure 17 illustrates the crucible 
") 
dimensions in detail. The loaded crucible was then inclined in a 
100°F (37.8°C) bath of distilled water with a flow of nitrogen pas-. 
siijg· over the melting charge· and the nitrog~fi was· exhausted into 
the bath through a • 016'' diameter orifice in the bottom· of the 
crucible. The nitrogen flow was terrni na ted upo~ C?C>~ple,~~ .J11~l ting ___ ------·····~~~--·-~·--~-·--·.; ..... -... ,., -- •' .. - .. , --··· " ... -- -~- - . ···- . __________ :_ •• · .'- ...... ,J •. --.. --- .... ---· ..• .,•.' ...... - .- .• - -. -· ____ , . ..,__., - . 
of the gallium and the base of the crucible was vertically immersed 
approximately i" bel·ow the surface of .. ___ the quenching bath con-
....... -. .. ·- .. -··-· _ ... ______ . ___ , .. _,_ .. ______ .--- --- - ----------. -----------·--... ·-·-· ... •·····• 
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tained in a 4'' diameter beaker filled to a depth of ·e''. Distilled 
water was chosen as the quenching media because: of its excellent heat l 
17 absorption and more importantly because Breteque has s·hown that below 
212°F (l00°C) there is no apparent reaction between water and gallium. 
Also, elaborate cleaning and degreasing of the pellets is unnecessary 
) when water is used as the quenching media. The nitrogen regulator was 
cracked and at negligible gage pressure the molten gallium was injected 
through the .016" diameter orifice into the quench whe:reupon it atomized, 
spheroidized, and solidified into minu_te. pellets before striking the 
bottom of the beaker. 
It was found impossible to quarantee solidification of the pellets 
if the bath temperature was above 40°F (4.44°C). Quenches of greater 
than 40°F (4.44°C), but less than the melting.point of gallium, usually 
left the metal indefinitely molten on the bottom of the beaker. This 
phenomenon can be attributed to the ease to which gallium can be 
-1s supercooled , especially in the high purity form as used in this in-
• I vestigation. A· .016'' diamet.er orifice, molten gallium- temperature of 
/ 
· 100°F (37.8°c), nitrogen pressure just sufficient.to cause complete 
stream atomization,.. and a 6'' dept}l of 40°~ (4 .44°C) 'distilled water 
yielded very good spherical pellets of which the majority were from 
.024" to· .050" in diameter. 
Orifices of .020" and .024" in diameter wereexperimented_with, 
but 'tended to produce large nonspherical pellets. A .012" diameter .... 
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conne~ted, nonspherical particles caused when the molten metal was 
injected with. insufficient velocity to cause complete atomization. 
The pellets were dried on disposable, lint free absorbent paper a 
, ' instead of by .thermal .means due to the very. low melting point of· ,. 
gallium. 
Obtaining three mg x .039'' diameter spherical pellets was 
accomplished by: 
1. Sieving with No. 18 and No. 20 screens to obtain a cut of 
pellets from .0331'' to .0394" in diameter. 
2. · Rolling the -18 +20 cut pellets down an inclined V-groove \ 
h . d . f i . h 3 ,, 3 " 7'' mac ine in a piece o phenol c in which oles of .0 5, .0 6, .03 , 
.. 
. 038'', .039", and· .040'' diameter were drilled. Shot would progress 
:down the inclined groove until it fell through the smallest hole that 
its diameter permitted. A series of bottles located under the gage . 1 
caught the various sized pellets upon emergence from the holes. 
,· 3. Weighil)g the - .040'' +. 039'' diam·eter cut pellets individually 
on a five place ~nalytical ~alance yieldin~ 3.00 + .01 ,mg pellets. 
-
~ The included micrographs in figures 19 and 20 plus the close correlation 
bet~een measured particle diameter and wiight to the respective theoret-
ical values indicate that the pellets are of a very good spherical 
quality. 
The s~zed pellets were refrigerated in a closed container to· 
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FIGURE 19. GALLIUM SHOT. -Photomicrograph of shotted 
gallium spheres of - .028" diameter. 25X 
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FIGURE 2Q~. ; GA~LlUM .SH T •.. Phat-omicrograph -of the 3;;00 
mg X .039 lt 
per?.ment. 
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-·~ _·: APPENDIX B 
Germanium Etching 
Theory: 
Voge119 illustrated that chemical etching of a single crystal with 
1· the proper reagent can result in the appearance of etch pits at sites 
where dislocations intersect the cry-stal surf ace. Pits occur at the 
above mentioned sites because the crystal lattice is strained and the 
reagent preferentia~ly attacks these strained areas .. Dislocations on 
~, a (111) surface can be revealed in germanium by CP-4, a one-step, non-
preferential etch. CP-4 is· a rapid etch which produces an essentially 
flat, chemically polished (111) surface covered with conical pits at 
orientations within 7° of the ~11) 
,,,..-""'..., ~"-..:-2Q I poles related to the number of 
21 
, •. 
edge type dislocations. Kokorish showed by use of an additional 
· 22 ferricyanide etch and Kurtz by X-ray means that the number· of conical 6' 
pits produced by CP-4 in zone grown germanium represents approximately 
70% of the total number of dislocations in the crystal. Current belief 
is that X-xays and very slow preferential etches reveal all dislocations 
in a crystal including screw type. CP-4 etching is advantageous in 
wetting studies in that the resultant :·~.tched (111) surface is easy to 
~ ... describe and analyze in geometrical terms .. Other slow etches result 
' in pi~ of known geometrical shape, but many of the pits are due to 
" 
imperfections other,than dislocations and hence result in pits widely 
•• -- - • • •• 
- - • ··-·- - .·•- •,___;,_;.~;;.._. u·--•·• • ·- ----·- .. --·--·-- -
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fa.ctory stock removal rates plus the desired~conical etch pit configu-
~ 
ration·. The author's definition of a warm etchant is one where- brown 
N02 fumes just begi.n to exhume from tfie solution. Etching with a cold 
.. 
solution results. in an accelerated, nonuniform stock removal rate· 
concurrent with solution heating. 
A finite amount of distorted latice material must be removed from 
the wafer surface to.expose the near perfect (111) lattice. ,•,, The de-
,, · ,,23 formed Beilby Layer is the result of excessive crystal strain during 
mechanical lapping. A minimal .002'' stock removal from each wafer 
~·: 
surface·was necessarv to rid a .. 
,, ,, 
cobblestone appearance from all wafers. 
, Actual etching encompassed the simultaneous placement of 300 
wafers into 20 ml4 of pre-warmed CP-4 contained in a 75 ml. polyethylene 
-· beaker. Agitation of the solution was continuous. during a ~minute 
etch to guarantee homogeneous stoc·k remova1 from all wafers. Et.ching 
was conducted under an exhausted hood to remove the poisonous N02 and 
Br2 fumes. At no time was there f~ar of underetching because it was 
experimentally ~iscovered that the etching process could be initiated 
•nd terminated several times and still n6t affect the etch pit shape. 
( 
The wafers and etching solution were continuously flushed with distilled 
water for five minutes to terminate the etching action. The wafers 
were dried on· a lint free absorbent paper. The two minute etch pro-
.. ' 
duced H . . 011 thick wafers. Wafers were bottled and stored in a 
·- . ---~ ·.- ·------ ,:_·· - ·--, . - -- . - - - • •• • ·--···· - L. • ·- - •'••• •• •-• • • • -· - ·-· -·. - ' .. - - ·- . 










...• " .. ·- -....., 
















. ' ~"'~· - "... -~ .. ,. . 
40 
APPENDIX C 
Etch Pit Counting " 
An etched 10 x 10 grid reticule was positioned in the right lOX 
eyepiece of a Leitz Metallographic, binocular microscope. This pro-
c.edure superimposed ~.he grjd on a wafer sur~ace and allowed the count-
-ing of pits per a known area plus the ability of measuring the size of 
the various pits. The area included in the 10 x 10 grid was· calibrated 
.against a standard micrometer grid at various eyepiece-objective 
combinations. 
All -pit counting wa:s performed at lOOX with a lOX eyepiece - lOX 
objective combination. The etched grid covered a calibrated .70 x 
• 70 mm ( .0275''x .0275'~ area at lOOX. Five separate pit count·s· were 
made on each wafer. The initial count was taken at the estimated wafer 
center and the four additional counts were made at known positions 
.relative to the first by utilizing the X-Y table micrometers. The five 
count ings Covered an area ·approximately 2. 08 mm X 2. 08 mm ( • 082" X • 082") 
at the wafer center. Upon averaging the five readings, the wafers were 
cataloged tn separate bottles in 500 pits/cm2 increments. It is believed 
that the etch pjt count with~n a near proximity of the wafer center is 
accurate to +. 5$. _,_Ex .. arnination of the reverse side of several wafers ~~- . ... .. 
resulted in n.~ar exact etch pit counts, and hence it is assumed that 
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APPENDIX D · 
Apparatus and ·Raw Materials 
I. Heat.ing Chamber 
A-. Glass Envelope: The controlled atmosphere heating chamber 
consisted' of two blown glass sections held together· by a screw type 
clamp. The junction of the two tube sections was sealed to the 
ambiant by an 0-ring. Tube atmosphere flow was controlled and moni-
tored by a flowrater. A !'' x 1}" x Bi'' pyrex slab was epoxyed in the 
., fixed tube section to act as a platfo~• for the graphite hotplate. 
Power terminals and the thermocouple lead entered the fixed tube 
"' section through sealed ·bushings in the tube wall. Observations of 
events occuring in the tube we~e made through an optical flat fused 
" into the movable tube section. Figure 21· is a sketch of approximate 
tube dimensions . 
.,. 
') B. Hotpiate: The heating sources in the experiment were nichrome 
· coils inserted in a graphite block machined to the dimensions given 
in Figure 22. 
C. Heating Elements: · Heaters for the hotplate consisted qf 3-1 
ohm coils of #25 gage nichrome wire connected in parallel resulting in 
:e·-·~a. total heater resistance ,of 1/:3. ohm. Ea·ch coil was made .UP of Bi" 
of nich~ome wire. 
D. Temperature Measurement: Temperatures were measured with a 
---- -·----· ....... ,. -~ ··- -.- --- -----· -------· -- ------- . ,. . - ---· - ···---- -·-------. -,. ···- --- . ---- .. - ' .. 
..... ,..-. ----~---- --~------- - ·······--·- --- •· ;, ....... - ·-·- --- ---
potentiometer·pyrometer. 
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44 
Type - Mini Mite, Model 80237 
Range - O-l000°F, -2.0 - +16.0 mv 
Type Couple - iron-constantan, type J 
Supplier - Thermo Electric Co·., Inc., Saddle Brook, 
New Jersey 
. ,·.~ 
E. Power Controller: Hotplate temperature was governed by regu-
. . . 
lating the input wattage. A variable transformer controlled the input 
voltage to a.filament transformer which in turn fed low voltage high 
current to the hotplate coils. Very good control was possible in the 
120~130°F temperature range. A 122°F ( 5QOC) temperature could be 
reproduced to within+ 1.0% without difficulty if the input voltage 
-
ii- to the power controller was regulated. A maximum temperature of 
.. 
644°F (340°C) could be obtained with the particular filament trans-
former used, but it is ;feasible to obtain much higher temperatures 
simply by using a transformer with a higher amperage secondary. Figures 
23 and 24 provide a photograph and· schematic drawing respectively, of 
·-· 
the power controller. 
F. Voltage Regulator: 
Type - A. C. Voltage Regulator, Model SOOS 
' 
Supplier - Sorensen and Co~, Inc., So. Norwalk, Connecticut 
-II. Wetting Measurement 
A. Microscope Tube: 
i,_ 
Type - Single tube with a 15 cm barrel 
-·- - -----,·----- .. ---- _···_ .• .• : .- ---,~---.~.·- ·:·d\'- ". ·_ ·---------- .----- .. ' ' 
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supplier - Baush & Lomb Optical Co., Rochester, New York 
' .•• ; -~ : ' ::ri. ..• -
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F'IGURE 23. HEATING CHAMBER POWER CONTROLLER. 
THE IDENTIFIED COMPONENTS ARE LISTED I N FIGURE 24. 
120 V 
AC 
T1 - Standard Electric Products Co., Dayton, Ohio, Type 100 BU 
T2 - Chi c8go St nnd ard Transformer Corp". , Chicago, I 11., 
P-3024 Filament Transformer 
_______ ___ . ______ . ··---· .. --.. -· ___ A1 _- _ West0n .M.od.cl _3.01 .. _________ . _ ~ ____ -·· ~ .... # - --- ..,,. --·- • ~ 
R1 , R2 and R3 - 1 ohm Coils of #25 Gnge Nichrome 
FIGURE 24. 
·CIRCUIT DIAGRAM FOR THE PO\VER CONTROLLER ·--·~-· .. 
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B. Objective Lens:. 
Power 
- SOX, 32 mm x O .10 ) 
f • ·~· 
L 
Supplier - Baush & Lomb Optical Co., Rochester, New York 
C. ,Vernier Eyepiece: 
Type 
- Model 205 Protractor Eyepiece 
Supplier - Gaertner Scientific Co., Chicago, -Illinois 
D.. Dial Indicator: ~ 
Type 
- #25-118, .0601': /div. 
Range 
- .008"/rev. on,, a 2'' diameter face 
Supplier - The L. S. Starrett Co., Athol, Mass. 
lliscellaneous Apparatus_ 
,, ,, 
Leitz Metallux binocular microscope 
B. ''Talysurf" model 3 surf ace measuring -i'nstrum~nf 
C. Mettler Model #1-911 balance 
"" D. X-ray diffraction equipment 
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. I. 
,.. .., ,,. ·, 'r ',•. ~-, ,r. 
IV. Raw Materials 
A. Germanium 
.Type 
- N-type, antimony dope~ 
18 Doping Concentration - 5 x 10 atoms/cc 
Bulk Resistivity . 
- 2 .3 ohm - cm 
····--·- -·. __ _. __ -.-·-'-··--·--· -· ·:j· ·-·· - .. - -- ... •-.Jo>.··--··-- _....._ ___ --
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- ( 111) + o. 5 --· 
-
Growth Process 
- zone grown and leveled 
' 
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Surf ace Finish 
- lapped with 19 micron garnet 
Supplier-· 







- 99.9999% semiconductor grade 
I 
- 10 gm. ingots in polyethylene envelopes sealed 
in N2 filled glass ampules 
- Aluminum Suisse SA, Zurich, Switzerland (dome~tic 
source - AIAG Metals, Inc., 9 Rockefeller ·Plaza, 
New York 20, New York) 
.a 
Purity - Prepurified grade 
Dew Point - 76°F 
Supplier - Air Reduction Company 
D. CP-4 Etch 
Composi ti-on 
- 3 parts HF (50%) reagent 
5 parts HN03 (70%) reagent 
3 parts HC2H302 (glacial) 
.f. 0.1 part Br2 ( liquid) .. _ 
::<) .. "11. 
.'.;._a.._ .,: .• •I 
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Density-p Supplement-,L Supplement-"a Angle=8 "<21ts/cm2) (inches) (inches) (degrees) (degrees) (de,rees) 
1500-2000 .0010 .0254 43.7 40.5 137.9 " " 
.0274 47.1 46.2 133.4 " " .0283 44.3 44.1 135.8 " " .0285 48.0 42.7 134.7 
.0295 46.3 48.7 132.5 
" " 
... 





" .0301 46.2. 49.1 132.3 " .0308 47.7 47.9 132.2 u 
.0025 .0265 44.1 44.3 135.8 .·,:,· " .0272 45.5 44.7 134.9 :0. " .0280 45.2 43.4 135.7 :,. " ,.0283 45.7 46.6 133.9 '' '' .0286, 46.8 47.0 133.1 " " .0291 43.~ 48.6 133.8 " " .0299 47.1 45.9 133.5 
.• 0010 e 0276 . ·~c'. __ --,,.45 e 5. 46 e 1 134 D 2 " " • 0 27 7 4 7 • 2 46 • 4 133 . 2 -" 
.0281 44.8 44.4 135.4 
·fi, 
" " .0284 44.1 43.4 136.3 





.0293 45.1 48.1 133.4 lt " a0301 46.0 46.7 133.7 ,,.: 
.0025 .0247 43.7 44.2 136.1 '' '' .0268 45.0 42.5 136.3 " .0274 45.6 44.9 13~~8 
.,, 
" .0276 
· 45.3 45. 7 134.3 " " .0279 45.6 47.2 133.6 " " "'- • 0 284 4 7 • 1 43. 7 134. 6 
• 0 2 9 2 4 7 • 7 45 • 5 , , 133 • 4 
" " 
• 
5500-6000 · .0010 
. . 0272 45.8 
-·. 47 .4 133.4 _ -----·--· --···----···-. . ·- - - - .. - -- ----- ---· ··· .:.' .. ________ ... _____ ,_' ______ -· - ., .0-284- ~ · 45-~a- ···· 
---··---· -44·-~4 134.9-
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T~ble 3 (Continued) 
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E1evated Temperature Wetting Data* 
Temperature 
-
OF Parameter** ~- 100 122 214 306 420 515· 608 645 
h 
X 
.0290 .0293 ~0297 .0305 .0317 .0331 · .0352 .. 0364 
'.' 
. ... 
fL 49.2 49.2 49.5 53.4 67.4 76.3 82.2 88.2 f(jR 43.6 44.2 46.4 48 .. 4 61.1 68.9 81.3 88.1 8 136.6 133.3 132.1 129.1 115.8 106.9 98.2 91.9· 
\. X .0262 .0263 .0267 .0271 .0280 .0292 .0308 .0320 QjL 46.8 46.9 47.8 48.0 49.2 55.2 61.2 67.2 0R 40.9 41.3 41.7 .41.8 42.3 47.5 61.3 67.5 C1I 0 8 136.2 135.9 135.7 135.1 134.3 128.6 118.8 112.6 
.J X 
.0281 .0282 .0283 .0294 .0305 ·• 0322 
.0345 .0357 0L 42.1 42.2 43.4 45.6 . , 52.5 58.5 69.7 74.2 ~ 48.4 48.6 49.9 51. 7 58.8 66.0' 76.5 83.1 8 134.8 134.6 133.3 131.4 124.4 117.7 106.9 101.3 
., ·x 
.0241 .0242 .0244\ .0246 .0252 .0261 .0275 · .0285 0L 45.1 45.3 45.6 45.9 47.6 51.6 57.5 61.4 0a 4.1.2 41.3 41.7 41.9 43.6 47.5 53.1 59. 3 ":) 8 136.9 136.7 136.3 136.1 134.4 130.5 124.7 119.7 
X 
.0269 
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Table 4 (Continued) 
Elevated· Temperature Wetting Data* 
Temperature - °F-SaJQ.ple Parameter** 100 122 214 306 420 
#6 - • 002& 91 dia~_._ pi 1:s 
~ 
" 
i I . 
-·-·· ·1 -· --
X .0258 .0258 .0261 
0L 41.8 ;41. 5 41.8 
, ,R 40.4 41.0 41.c3 ' 1 
~ 






* P,it density= 11,500 - 12,000 pits/cm2 

















Cbntact Diameter - inches 
Left Contact Angle Supplement - degrees 
Right Contact Angle Supplement - degrees 


















515 608 645 
'··' 
.0281 00294 .0305 
~' 47.1 53.4 56.2 
47.8 54.2 56.2 
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:oi. ... Sample Calculations -
. . . 
~ 
I. "student" t Distribution 
The "student" t distribution was·chosen as the appropriate 
st.atistic to estimate with a certain degree of confidence from avail-
able sample data that.the population means at any iparticular pit density 
were actually different. The ''t" statistic is used to compare the means 
of two populations when 
1. The sample sizes are small (usually less than 30). 
,I • 
2. The distributions are normal or nearly normal. 
3. T-he population variances are equal. 
4. The samples are independent and random .. 
The probability that there is a size effect on wettability at any 
particular pit density is given_ by 
IX1 - i2I t -
-
N1 s 2 + N2 s22 1 1 1 + 
- -




..-. -·- . .. - ............ ' . .. ... 
Xi·= sample mean~ E Xi )_"i:_-' 
Ni 
.-Ni~ sample size 





- --- -- -- ·-------- --- - - . s~ ;,, -·sainpie ·variS.l1Ci; -;. ~1z-- ~ i?- --- -- ----- .-~--,. _c -·-: -, C • • -- - - -, ,- - - ••• -- - -- j 
i' 
·~ 
t = ''t'' statistic 
- . 
. -··· .. -... -. --~- .---·-·· .. ----·------··· ··--
,•. -· . - ···----;.·~: .. ·-.··-·· .. ~ .. ·-'~ .. : .... __ ...:. .- .......... -.!t·-"-- ··:-:;,~ff - ... -:-.~·-.···---- - .... --.- ........... _._., __ -'·-.----· ... ---;-.. ---'.""'·-··· ---··- -- ... '.', 
.·-···· 
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II. · Contact Angle._and Contact. Diameter Relationship Derivation 
'• 
X = contact diameter - inches 
8 = contact angle - degrees 
~ = (180°-9) = contact angle supplement - degrees 
r - X 1 - -2 
r 2 = R 
h = X.cot0 
2 
X 
R = -=----2· sin0 
v1 = v2 + v3 = volume of 3 mg- of gallium at so0c 
in3 ~ constant 
·r 
- :.. •• 1, 
. . ,;_ •, 
= 3.0046 X 10-S 
.-· ' 
"'·· 
10_5 1 .. n3 = 3" /csc
3a cote. V l = 3 • 0046 x 1r X \ 12 + 16 4-
16 + 48 . 
__ ,. _____________ ---~ .. ---·· :.· . . :._··:··._-::: ... :.::.:.:.._ ·-~-.. ~ .. - ----- .. ----· - --- - -
cot8csc2e . cot3e) 
--·- - ···------- ...... -----~--- -· ·-·~-- -· ·---i." ______ ,:.;_,_-...,:_ ___________ ~--... -
,, 
... ' . ·- ... ~ ·: . '. .-·-· .-,,:,: ........... ·• _, 
\ 
• -~ · " ___ ::i.... - ·1 • _ _;:l ..... ··---- ... 
. -~ 
.. 
--·-···-·-·' ,_.,_....... ------~-" ·" .• ,. ···-· '"'··--·· -·.:,.~-- ~ - . -- ·-- ·-·- -· ·- --- ... .•. .• . .•. . 
simplificatio~-yields 
Equation 5 
. ' ,, . --····-· -··-- .. _.:.: ________ ·_., --·· - • -:-;~ ____ ..;.._; __ ::....: ______ -----.!_-·--------------· ---··-- -----·· ·-····---------- ---·-- ... -.. ___ :_ __ _ 
... •". <.' J ._. •- _,. ••- .c ............ , __ ,_ "•••M- • -··-·-·-- '~-.. ,< ., 
--- -- ·; •• ~- --It--- - ......... - ..... ___ .,,..-... •r<.awi/!JI"'•· :..,.~,,,., '" •• . 
" 
........ _.~ -. 
. . ' 
i 
' I
• - ··~ ;.;··--·· .~ •. , ..• ' - - - - - . • ........... "·- , ....... ~ ............... __ , .. , ________ h ...... ..__ ... , ' ......... w 
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III. Area Correction Factor_ (r) 
a. Small Pits 
assume measured area= 1 cm2 
~ . 
let pit density (P) = 12,000 pits/cm2 
. -.. ·. 
pit ~iameter (d) = 25.4 micron. 
pit depth (h) = 24.0 micron 
curved area of conical pits (Ac)= 
·Ac= .1300 cm2 
lost (111) area due to pits (Arr,)= 
.. 
4 (111) = 1.0000 - Arr, 
Atrue 
- a~a? ""'2 
- • oJ'-'u- -.u& 
2 












The calculation is the same as in (a.) _except that d=63,5 ~icron 
and h=25~o micron 
r = 1.1956 
L 
IV. Correlation of Measured to True Contact Areas 
a. Small Pits 
r . 
__ _ _ _ _________ .. _ -·-~·=- ~~- ----'--- _ _ true o . pit s.Lcm2 cont acct El i-amet er (X
O
)- = ~ O 289 tn · · ·. · · · ---- · --- --- --- ·-- -~ :.= 
0 pits/cm2 contact area (A0 ) = 6.5597 x 10~ in2 true 
> 
measured 12,000 pits/cm2 contact diameter {X · ) = ,0283 in-· 
. 12, 00.0 ... , .. (. , - - . - ~ . - - - - _,,, ~, . -·- . ..... -~.---- --••-!• ........ --..._: .. ~~~ ...... ~1-... _____ .._._~-.---:---fj1-..,._._... ~ .... -: ..... ~ ~~-, ~ - . . . . --- ··-·-· ···-. -··-·· ·--·-·· ... : .. '"··-· ·-··· . 
. . . '· "... ..~ ,. ;, ' . ~ . -
measurecl 12,QOO pitsicm2 contact area (A12 , 000) . -4 2· = 6.2902 X 10 ·in. 
• '.!lo. • • .Ii:.'' 
·l • ... ••.• . . r. , . ~ : .. , .. ...... :..,;,\.- ... ... : . .'....c-... ;., .. c .... -.0 ............ , ... : •• .:.. ................. '.I. •. _-: __ -_~ . .:-· .. _ •· __ · •. · .................. ·_:_ .. · ..... " ___ -_ ••• ·-..• -.· ___ ... _ ... _.·.·_· ... ·-.-_ ..... :.-.• : •.• :: -~ .. '. ..•• _ ........ _-.---·-·· ...... ,r .. ·h ... ;·.··: __ ::'···::····,··· •..•..·•••. -.. ··.•.: ·-· ··---~-- ·- ---~ ···-· ··------~-:.~--'---::-~'_:_·,··.'.;-·;·~.~~-~·,. .. ·•-':~:.., ............... ·· , .. ~_, . .:..1..,_:~-~..-·· .. _ -... :.:..,~-~,....·-~---:--· ....... --- --· -. _..". ,. . ...... . ·. . \ . 
.•. ·- - •. - - ... ·:···~"'-~·· •. ·-. • -A ...... ,., .. , ... ,-········--·-·· .•..•. ·-~······-···· .............. , ;, ... ---····--,.~ -····- ,, ·. ,. ' 
-1 
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b. Large Pi ts 




the same as 
and Al2, 000 = 5.3093 X 10-
4in2 





~s>-Ao X 100 = 2.504$ 
) 
in (a.) except that X =.0287in 12,000 
.· ... 
·, 
·.-.· .. - - ·;::. --~· .· •.. -· •• ~~- .. ·· •• -· .•. ~.-,.: . ·~---. · .... --~'-· ·;"f"'. - • ·:-·--:';'-··.-. -:· -~- ... - .... - .- .- ... - ;··· .• - ... :,,,,.,,~ ._ --~ ·--. -. ·- .• -" ·--··· --•. -.- - ~ --~-- 7-7_•-.• ,. . . : "- ·. ·- .· -- - -· ··.-- .. · ,_·_:.--.----··~-·-..--- .. 
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